The purpose of this study was to identify kindergarten-age predictors of early-onset substance use from demographic, environmental, parenting, child psychological, behavioral, and social functioning domains. Data from a longitudinal study of 295 children were gathered using multiple-assessment methods and multiple informants in kindergarten and 1st grade. Annual assessments at ages 10, 11, and 12 reflected that 21% of children reported having initiated substance use by age 12. Results from longitudinal logistic regression models indicated that risk factors at kindergarten include being male, having a parent who abused substances, lower levels of parental verbal reasoning, higher levels of overactivity, more thought problems, and more social problem solving skills deficits. Children with no risk factors had less than a 10% chance of initiating substance use by age 12, whereas children with 2 or more risk factors had greater than a 50% chance of initiating substance use. Implications for typology, etiology, and prevention are discussed.
INTRODUCTION
Experimentation with alcohol and drugs during adolescence is a statistically normative phenomenon. Most adolescents tend to initiate the use of alcohol between the ages of 13 and 15 (O'Malley, Johnston, & Bachman, 1998) , and a recent Monitoring the Future study found that 54% of graduating seniors reported having tried an illicit drug (University of Michigan, 1998) . As a normative phenomenon, alcohol and drug use in late adolescence is not strongly associated with problematic outcomes. However, the earlier a child initiates the use of alcohol or drugs, the greater is his or her risk of becoming involved in a wide range of problem outcomes, including aggression, school failure, delinquency, and especially later problem use and abuse of substances (Jackson, Henriksen, Dickinson, & Levine, 1997; Kandel, 1982; Robins & Przybeck, 1985) . Because early experimentation with substances appears to be a critical precursor of later substance abuse, it is important to determine which factors are most likely to contribute to children's early initiation of substance use. In contrast to broad empirical evidence linking early-onset substance use with later problem outcomes, much less is known about the development and etiology of early substance use initiation. The identification of prospective predictors of early substance use initiation is the focus of the current paper.
Given the scarcity of studies examining the initiation of substance use prior to adolescence, further research is needed to understand the extent to which different psychosocial domains contribute to the prediction of earlyonset substance use and whether these predictors change in salience over the course of development. Research has found that some risk factors predict dysfunction only at specific periods of development, whereas others are relatively stable predictors of disorder across the life span (Coie et al., 1993) . A prime example is conduct disorder, for which predictors of early-onset aggressive behavior differ from those of adolescent-limited delinquency (Moffitt, 1993) . Thus, the main goals of this study were to identify predictors of early-onset substance use from a range of psychosocial domains and to determine whether predictors of adolescent substance use identified in previous empirical studies would also predict the initiation of early-onset substance use in the current sample. Theories such as the multistage social learning model (Simons, Conger, & Whitbeck, 1988) , the social development model (Hawkins & Weis, 1985) , and family interaction theory (Brook, Brook, Gordon, Whiteman, & Cohen, 1990) suggest that parenting behaviors have the most impact during childhood and adolescence whereas the influences of peers and the larger social environment increase with age (Simons, Conger, & Whitbeck, 1988) . Therefore, it is hypothesized that the major predictors of early-onset substance use will be related to parenting and child functioning as opposed to more distal factors such as the neighborhood environment or social status among peers.
Patterns of drug use are determined by many factors, and any model that purports to offer a comprehensive explanation of substance use will necessarily be complex, containing a number of variables (Simons et al., 1988) . In addition, in order to establish a particular variable as a risk factor, studies must be truly prospective by interviewing participants before they have initiated substance use (Cicchetti & Rogosch, 1999) . In an effort to address the complexity involved in the prediction of early-onset substance use, the current article includes a wide range of kindergarten and first grade predictor variables drawn from theory (i.e., multistage social learning model; Simons et al., 1988) as well as past empirical evidence. It is important to note that this study examines preadolescent children's initiation of substance use, and does not examine substance abuse or dependence. However, because of the fact that almost no studies to date have focused on children's early initiation of substance use (i.e., prior to adolescence), most of the theoretical and empirical bases for the hypotheses of this paper will be drawn from the adolescent substance use and abuse literature.
Adolescent-Onset Substance Use
A thorough review of all existing theories of adolescent substance use is beyond the scope of this paper (see Petraitis, Flay, & Miller, 1995) . This study relies upon the theoretical work of Simons et al. (1988) as well as related empirical research as a foundation for the hypotheses tested. The multistage social learning model (Simons et al., 1988) posits that adolescents' involvement in substance use is a result of several social learning processes (e.g., parenting practices and parental substance use) as well as intrapersonal characteristics (emotional distress, inadequate coping skills, and deficient social skills). This theoretical model was chosen because it is one of the most comprehensive theories of adolescent substance use in its attempt to integrate individual, parent, and peer characteristics into a single model (Petraitis et al., 1995) . In support of this theoretical model, recent research has identified a number of factors across several domains of functioning that are predictive of initiation of substance use in adolescence including parent, child, and social influences. These findings and their theoretical underpinnings are described below.
Parenting Practices
The multistage social learning model (Simons et al., 1988) asserts that children often acquire substance using behaviors through modeling of the parent's own behaviors as well as the quality of the parent-child relationship. Research on modeling shows that individuals are most likely to emulate the actions of others whom they hold in high esteem (Bandura, 1977) . Consequently, parents who maintain a warm, nurturing relationship with their children are most likely to influence their children's values and behavior positively (Conger, 1976) . Similarly, it is not enough for parents to hold certain values about the use of substances; children are less likely to adopt the values of parents who are rejecting, emotionally unavailable, or overly controlling/authoritarian (Simons et al., 1988) .
Parental Mental Health History
Although children are more likely to model parental behaviors if a positive relationship has been established (Bandura, 1977) , children have been found to emulate parental behaviors regardless of the quality of the parentchild relationship. For example, research has found that children of substance-abusing parents are at higher risk than children of nonabusing parents for initiation of substance use (Costello, Erkanli, Federman, & Angold, 1999; Jackson, Henriksen, Dickinson, & Levine, 1997) and escalation of alcohol use (Chassin, Curran, Hussong, & Colder, 1996) . Studies have been unable to determine whether this positive relation is due to direct modeling of parental behavior or to parental unavailability (e.g., parental depression) that is often associated with parental substance abuse. Indeed, a lack of parental involvement has been associated with adolescent substance use (Baumrind, 1985; Patterson, 1982) , and it is thought that adolescents are more likely to emulate the actions of deviant peers (e.g., engage in early substance use) if a parent is physically and emotionally unavailable. Because of the complex relations between parenting practices, parental psychopathology, and children's initiation of early substance use, this study examines the unique effects of variables from each of these domains. Specifically, this study examines parenting practices (i.e., warmth, verbal reasoning, use of physical punishment), parental psychopathology (i.e., depressive symptoms), parental involvement (i.e., parental involvement in the school), and parental substance abuse as potential predictors of early-onset substance use.
Child Psychological and Behavioral Functioning
The multistage social learning model posits that adolescents who are emotionally distressed may turn to substances as a means of temporarily relieving their anxiety or depressive symptoms (Simons et al., 1988) . This is similar to the self-medication model commonly found in the adult literature, which posits that individuals with internalizing problems will utilize substances in an effort to dampen their negative affect (Sher, 1991) . However, there is empirical evidence to suggest that different dimensions of internalizing symptoms are differentially related to substance use. For example, whereas depressive symptoms and generalized anxiety symptoms have been found to be positively related to the initiation of alcohol use in adolescence, separation anxiety symptoms have been associated with a decreased likelihood of substance use initiation (Hussong & Chassin, 1994; Kaplow, Curran, Angold, & Costello, 2001) .
The multistage social learning model focuses less on externalizing behaviors as causal factors in substance use compared with some other theories (e.g., problembehavior theory; Jessor & Jessor, 1977) that assert that child temperament (i.e., behavioral disinhibition) and problematic parent-child relationships lead to disruptive behaviors in children. Children with disruptive behaviors are then more likely to affiliate with a deviant peer group that supports delinquency and substance-using behavior (Jessor & Jessor, 1977; Lerner, 1984) . Research has found that sensation seeking (Wills, Vaccaro, & McNamara, 1994) and temperamental difficulties (Lerner, 1984) are associated with adolescent substance use. In addition, conduct problems in adolescence predict the initiation of alcohol use as well as greater escalations of alcohol use over time (Costello et al., 1999; Hussong, Curran, & Chassin, 1998) . It is important to note, however, that certain dimensions of externalizing behavior do not appear to be associated with substance use in adolescence. For example, a recent study found that symptoms of inattention were unrelated to substance use in adolescents, whereas dimensionally scored impulsivity-hyperactivity symptoms were positively related to adolescent substance use (Molina, Smith, & Pelham, 1999) .
By examining clusters of internalizing and externalizing symptoms as predictors, as opposed to disaggregating different dimensions of internalizing and externalizing symptomatology, important predictor variables may be overlooked. Thus, this study uses narrow band scales of internalizing and externalizing symptomatology to test their unique effects on early-onset substance use.
Social Contexts
The multistage social learning model asserts that an important factor in escalation of adolescent substance use is having peers who encourage and engage in substance use (Simons et al., 1988) . Adolescents who are most likely to affiliate with a deviant peer group are those who have social skills deficits (e.g., impolite, uncompromising, unempathic) and are not well liked by other children. Research has found that one of the strongest predictors of adolescent-onset substance use is affiliation with a substance-using peer group, and most adolescent substance use takes place within a social context (Clark, Parker, & Lynch, 1999; Oetting & Beauvais, 1987) . Additionally, larger social systems such as the neighborhood environment have been found to predict initiation of adolescent substance use by providing exposure and access to substances and substance-using peers (Sampson, 1997) . Thus, the current study uses ratings of peer sociometric status as well as neighborhood environment to test these influences on early-onset substance use.
Child Social Adaptation
Social learning theory posits that youth learn strategies for coping with stress from their adult caregivers through observation and modeling (Bandura, 1977) . Research has suggested that both adults and adolescents who abuse substances lack effective coping skills (Pentz, 1985; Wills & Filer, 1996) . The multistage social learning model proposes that children with a limited repertoire of coping skills will tend to respond to stress with strategies involving avoidance and distraction (e.g., substance abuse), similar to the strategies employed by their parents (Simons et al., 1988) . The model also suggests that children with social skills deficits (inability to resolve conflict, difficulty mobilizing social support) will have problems coping in social situations, and will be more likely to use alcohol as a coping strategy (Simons et al., 1988) . This study examines variables related to social and emotional coping skills as potential predictors of early-onset substance use.
Early-Onset Substance Use
Although it is clear that the prediction of adolescent substance use involves numerous factors from different psychosocial domains, it has been hypothesized that some of these factors may not be as important in predicting early onset of substance use prior to adolescence (Kandel, 1982) . Very few studies have examined potential risk factors for early-onset substance use, with even fewer studies utilizing a developmental perspective and prospective longitudinal designs. Therefore, it is difficult to determine whether risk factors for onset of substance use vary as a function of developmental stage. The implications of a developmental distinction between preadolescent and adolescent-onset substance use for typology, etiology, and prevention are enormous.
Of the few studies that have examined early-onset substance use, findings have been similar to those derived from adolescent studies. For example, parental use of substances (Costello et al., 1999) and child temperamental characteristics (Masse & Tremblay, 1997) have been identified as important predictors of early-onset substance use. In addition to these predictors, the multistage social learning model suggests that other factors such as child psychological functioning, child social adaptation, parenting practices, and parent psychological functioning are likely to be related to the early initiation of substance use, but have yet to be tested empirically. These are the goals of this study.
This study is unique for several reasons. First, with few exceptions (e.g., Masse & Tremblay, 1997) , it is one of the only studies to examine kindergarten predictors of initiation of substance use prior to age 12, allowing for the identification of truly prospective relations as assessed prior to the onset of first time use. Second, the predictors span a number of different areas of functioning including environmental, child, parent, and peer domains. Third, multiple informants are used to measure the constructs of interest. Finally, the sample includes boys and girls from four culturally and geographically diverse American communities, allowing for the examination of potential gender, ethnic, or geographic effects on early onset of substance use.
METHOD Participants
This study utilized data from a community-based sample of children (N = 295) drawn from the normative sample of the Fast Track Project, a longitudinal multisite investigation of the development and prevention of conduct problems in childhood (see Conduct Problems Prevention Research Group, 1992, for full details regarding study design and instruments). Participants were initially interviewed during the spring of the children's kindergarten year and were followed for 7 years. Subjects were selected from four different areas of the country: (1) Durham, NC; (2) Nashville, TN; (3) Seattle, WA; and (4) Central Pennsylvania. These areas were selected in order to represent different cross-sections of the American population. Within each site, schools with high rates of children at risk for the development of conduct problems were sampled (Conduct Problems Prevention Research Group, 1992) .
As part of the intervention study design, a normative sample of children was selected in order to compare subsequent improvements made by the intervention group against a normative standard. From these schools, 100 kindergarten children were selected at each site (87 in Seattle because of one school dropping out during the 1st year) to represent the population distribution in terms of race, gender, and level of teacher-reported behavior problems. To obtain a representative sample in terms of teacher-reported behavior problems, the normative sample of 100 children from each site was selected by including 10 children from each decile of the distribution of scores on a teacher-report screen for behavior problems (i.e., Authority Acceptance score of the Teacher Observation of Classroom Adaptation-Revised; TOCA-R; WerthamerLarsson & Kellam, 1989) . These children were then approached randomly to participate in a descriptive longitudinal study. Nonparticipants were replaced by matched children until the sample reached an n of 100 per site (n = 87, in Seattle).
In this study, 92 participants (24% of the entire sample) were eliminated because of missing data on the outcome variable, substance use (attrition analyses are presented later). In addition, if any of the 295 children with complete substance use data were missing data on other measures used in a particular model, these subjects were eliminated from that particular analysis. Among the 295 children included in the current sample, the mean age at the initial time point was 6.37 (SD = 0.46), the mean age at outcome was 12.37, 51% were girls, 46% were African American, 52% were Caucasian, and 2% were other ethnic minorities. Approximately 48% of the children came from two-parent families, 45% came from mother-headed families, and 7% were missing data on this variable. Using the Hollingshead four-factor categorization system of the education and occupation of the head of household (mothers in mother-headed families and the mean of mother and father in two-parent families), the mean socioeconomic status SES was 26.6 (SD = 13.8), which is the low-middle class with a range from the lowest class to middle class.
Measures
All of the following variables, with the exceptions of teacher-report variables, sociometric ratings, history of medication for ADHD, and child substance use, were taken from measures initially administered to the normative sample of children in 1991 (Year 1) during a 2-hr home visit with interviews and direct observations of mothers and children during the summer after kindergarten. Teachers reported on children's externalizing symptoms and parent-school involvement during the kindergarten year. The sociometric variables were gathered from this sample for the first time in Grade 1 in 1992 (Year 2). The history of medication for ADHD was assessed for the first time in Grade 3 in 1994 (Year 4). The substance use measures of interest were administered at the conclusion of Grades 4, 5, and 6 in 1995 (Year 5), 1996 (Year 6), and 1997 (Year 7), respectively. The vast majority of parent-report measures were completed by the mother.
Because there is sufficient empirical evidence to suggest that not all sources of information are equally useful or valid for the assessment of certain behaviors (Loeber, Green, Lahey, Stouthamer-Loeber, 1989) , only those informants who have been found to be the most valid in their ratings of specific childhood behaviors were utilized. For example, whereas teachers have been found to be more valid reporters of children's delinquent behavior than parents or children (Hart, Lahey, Loeber, & Hanson, 1994) , many conduct problems of a concealing nature such as substance use are more valid coming from the children themselves (Loeber et al., 1989) .
Home and Neighborhood Environment
Ratings of the quality of the home and neighborhood environments were completed by each of the interviewers during the home visit through the use of the Post-Visit Inventory, a survey reflecting the interviewer's ratings of the physical environment in the home and neighborhood (Dodge, Bates, & Pettit, 1990) . Response options ranged from dichotomous "yes or no" answers to 4-point scale responses, with higher scores indicating greater problems or risk in the physical context. Principal component analysis of items resulted in two factors that were labeled Home Environment (3 items, α = .63, e.g., How many rooms are in this dwelling?) and Neighborhood Environment (4 items, α = .75, e.g., How safe/dangerous is the area outside of this dwelling?). Interrater reliability was assessed using the Intraclass Correlation Coefficient (ICC; Shrout & Fleiss, 1979) . The ICC for Home Environment was .85 and the ICC for Neighborhood Environment was .88.
Parenting Practices and Parent Mental Health History
Several measures of parenting practices were administered. The Parent Questionnaire is a 27-item adaptation of the Parent Practices Scale (Strayhorn & Weidman, 1988) . The current study utilized the Parental Warmth scale, a five-item scale (α = .76) that asks the mother to rate the frequency of different behaviors on a 5-point scale (e.g., How often do you praise your child? How often do you and your child laugh together?).
During the home visit, a structured 18-min parentchild interaction task (PCIT) was completed, during which the mother and child were asked to play together, build a toy structure, and clean up. Interviewers were trained to observe and code specific behaviors during each task. At the conclusion of each task in the PCIT, the interviewer completed an adaptation of the Interaction Rating Scales (Crnic & Greenberg, 1990) , which consists of 16 global 5-point items assessing the observed interactions of the mother and child. Of interest in this study is the interviewer rating of physical punishment, in which higher scores represent greater use of physical punishment.
The Developmental History (adapted from Dodge et al., 1990 ) is an orally administered interview that focuses on family experiences over the past 12 months. As part of the Insights section of the interview, mothers in this study were presented with six brief written vignettes of various child misbehaviors (e.g., when the child does not go to bed on time) and were asked to describe what he/she would do in that situation. Interviewers coded the frequency with which mothers mentioned certain parenting techniques, ranging from reasoning to physical punishment. Of interest in this study is mothers' mean score for verbal reasoning (α = .66), with higher scores indicating more frequent use of verbal reasoning.
The Parent-Teacher Involvement QuestionnaireTeacher (Conduct Problems Prevention Research Group, 1999) is a 26-item measure that assesses the amount and quality of contact that occurred between the mother and teacher. Kindergarten teachers rated parental behaviors on a 5-point scale. Of interest in this study is the ParentSchool Involvement Scale (α = .89), with higher scores on this measure indicating greater parental involvement in school.
Mothers also completed self-reports of their own psychological functioning. Maternal depressive symptoms were assessed with the Center for Epidemiological Studies-Depression Scale (CES-D; Radloff, 1977) . The scale measures major components of depressive symptomatology, and respondents are asked to rate the frequency of each of 20 symptoms experienced in the previous 7 days on a 4-point scale. This study also utilized the Family Information Form (FIF; Conduct Problems Prevention Research Group, 1999), a survey administered to the mother during the interview that assesses any mental health problems that either parent may have experienced throughout the previous year. Of interest in this study are two items inquiring about any alcohol or drug problems, coded dichotomously (0 = no, 1 = yes). The two items were combined to form an overall measure of any parental substance abuse.
Child Psychological and Behavioral Functioning
Children were administered two subtests of the Wechsler Intelligence Scale for Children-Revised (WISC-R; Wechsler, 1974) : Vocabulary and Block Design. This test was administered twice, once after kindergarten and once after first grade. Children's scores on each subtest were combined within year and these two IQ scores from kindergarten and first grade were averaged to yield an overall/composite IQ score for each child.
The kindergarten teacher completed the child attention profile (CAP; Barkley, 1988) to assess child inattention and overactivity. The CAP scale is derived from 12 items on the Teacher Report Form (TRF; Achenbach, 1991) : seven inattention items and five overactivity items, with higher scores indicating greater levels of inattention and overactivity, respectively. Internal consistency of the CAP has been reported to be quite satisfactory (split-half r = .84). Interrater reliability for boys aged 6-11 years using teacher reports has been found to be .77(n = 37). The scale significantly discriminates referred and nonreferred children (N = 2,200) from the standardization sample and has been shown to be highly sensitive to dose effects of stimulant drugs with ADD children (Barkley, McMurray, Edelbrock, & Robbins, 1989) .
When children were in the third grade, mothers were asked whether their child had ever taken Ritalin or any other medication for ADHD symptoms. Scores were coded dichotomously as 0 = no, 1 = yes.
Several measures were used to assess child aggressive/oppositional behaviors. The Parent Daily Report (PDR; Chamberlain & Reid, 1987 ) is a 30-item checklist that assesses child oppositional behavior. Mothers completed this measure on three different occasions (during the initial interview before kindergarten, 1 week following the interview, and 1 week after that) during which time they indicated whether or not 30 different behavioral problems had occurred over the previous 24-hr period, using a dichotomous scale (did or did not occur). Preliminary factor analysis of the PDR identified 15 behaviors that factored onto two scales reflecting six aggressive behaviors, e.g., fighting, yelling; (α = .83) and nine oppositional behaviors, e.g., talking back, noncompliance; (α = .81). Reports of the 15 aggressive and oppositional behaviors were summed over the three administrations of the PDR providing a total home-setting problem behavior score.
In order to assess children's externalizing behavior in the school context, two scales of the Teacher Report Form (TRF; Achenbach, 1991) provided information regarding teachers' perceptions of child externalizing behavior: Aggressive (20 items) and Delinquent (13 items) Behavior scales. Using a 3-point rating system, teachers rated the extent to which each child engaged in a number of different aggressive and delinquent behaviors, with higher scores indicating greater aggressive and delinquent behaviors.
Internalizing symptoms were assessed with the mother-rated child behavior checklist (CBCL; Achenbach, 1991) , a highly reliable and valid 113-item symptom checklist that assesses internalizing and externalizing symptoms of the child by the parent using a 3-point rating system. The current study utilized mothers' ratings in kindergarten from the following scales: Somatic Complaints (9 items), Thought Problems (7 items), Withdrawn (9 items), and Anxiety/Depression (14 items).
Child Social and Emotional Adaptation
This study utilized three measures to assess child social skills. The Emotion Recognition Questionnaire (Ribordy, Camras, Stefani, & Spaccarelli, 1988) consists of 16 different vignettes. Each child was asked to point to one of four pictures correctly indicating the emotion that is likely to be elicited in each context. The emotion recognition score has adequate construct validity and reliability (α = .66), with higher scores reflecting greater emotion recognition.
The Social Problem-Solving measure (Dodge et al., 1990) consists of a series of eight drawings and vignettes about common social problems. Each child was asked to describe what the character should do to solve the problem. Responses are coded as prosocial/competent or aggressive/inept, and a score reflecting the proportion of competent responses (α = .70) was derived, with higher scores indicating greater social competence. Interrater agreement was assessed for 15% of the sample by having an independent rater code transcribed responses and was excellent (κ = .94).
The Home Inventory with Child (Dodge et al., 1990 ) assesses children's hostile attributional biases. Each child was shown a series of eight drawings and read vignettes depicting either unsuccessful peer entry (e.g., being ignored or rejected) or minor harm under conditions of ambiguous intent (e.g., being pushed or bumped). Interpretations of ambiguous events on this measure were coded as hostile, nonhostile, or don't know/other. The proportion of hostile attributions (α = .80) was computed, with higher scores indicating greater frequency of hostile attributions. Based on examination of 15% of the sample, interrater reliability was excellent (κ = .90).
During the first grade, peer nominations were collected following written parental consent from each classroom peer. Sociometric interviews were completed individually with each peer in classrooms for which at least 70% of peers consented. During the interview, peers were asked to nominate children who fit the following description: "Some kids are really good to have in your class because they cooperate, help others, and share. They let other kids have a turn." These prosocial nominations were totaled and standardized within each classroom. Children were also asked to nominate an unlimited number of classmates whom they "most liked" and "least liked." These scores were computed by standardizing the "most liked" and "least liked" nominations within each classroom and calculating the difference between these standard scores (LM-LL). The difference scores were then restandardized to derive a social preference score, with higher scores reflecting greater social status (Coie, Dodge, & Coppotelli, 1982; Conduct Problems Prevention Research Group, 1999) .
Child Substance Use
The Things That You Have Done survey, a 32-item measure derived from the National Youth Survey (Elliot, Ageton, & Huizinga, 1985) and developed for this study assesses a range of antisocial behaviors that the child may have engaged in over the previous year. The items of interest in this study are nine items related to the consumption of any alcoholic beverages or drugs. The questions ask the child whether he or she has consumed any beer, wine, or liquor, marijuana, heroin, crack, cocaine, LSD, or inhalants, and if so, the number of times that this occurred. Tobacco use was not included in the derivation of this construct. Scores on this measure were dichotomized such that any use was coded as 1 and no use was coded as 0. Approximately 7% of the sample reported any alcohol or drug use in fourth grade, 5% of the sample reported any alcohol or drug use in fifth grade, and 14% of the sample reported any alcohol or drug use in sixth grade. Because of the low rates of use within each grade, measures from Grades 4, 5, and 6 were combined to form an overall measure of substance use with 0 = no use and 1 = use at any time point. This coding system assumes that no children were using substances in kindergarten and any reports of use by the sixth grade represent initial onset of substance use. In total, 21% of the sample (25 girls and 40 boys) reported initiation of substance use by sixth grade.
Statistical Analysis
A series of five hierarchical, longitudinal logistic regression models was used to test the unique relations between sets of categorical and continuous predictors and early onset of childhood substance use.
6 Within each regression model, the dichotomous dependent variable, initiation of substance use by the sixth grade, was first regressed on five covariates (age, gender, race, SES, and site), followed by one or more sets of predictors in the second step. Each set of predictors encompassed one of the following domains: environment, parenting, child psychological and behavioral functioning, and child social functioning. A comprehensive logistic regression model was estimated that included each of the predictors that achieved a p value of .07 or less in one of the four initial regression models, providing a data-informed but rigorous test of the unique predictive utility of each variable. Finally, this comprehensive model was reestimated while controlling for concurrent externalizing symptomatology in the sixth grade in order to ensure that these factors predict substance use in particular and not externalizing behavior in general. Note. Sample sizes vary from 252 to 295 because of missing data on certain measures. a 0 = female, 1 = male; means represent proportion of males. b 0 = Caucasian, 1 = African American; means represent proportion of African Americans. c 0 = no drug use, 1 = some drug use; means represent proportion of parents who abused drugs.
RESULTS

Attrition and Missing Data
In this study, 92 of the 387 original participants (24% of the total sample) were eliminated because of missing data on the outcome variable, substance use. Potential bias due to attrition was assessed by comparing the demographic and predictor variables of the subjects included in the analyses with those that had been excluded from the analyses. A series of χ 2 tests and t tests were estimated for this purpose. The results of these analyses indicated that the subjects who were excluded from this study did not differ significantly from those who were included in terms of age, t(385) = 0.55, p = .58; gender, χ 2 (1, N = 387) = 0.76, p = .38; race, χ 2 (1, N = 386) = 1.99, p = .16; SES, t(384) = 0.73, p = .47; or any of the predictor variables considered in this study. However, caution is still warranted in generalizing the results of this study. categorical variables were analyzed using χ 2 tests. It is noteworthy that 17 of the 28 predictor variables were significantly related to the initiation of substance use ( p < .05). Early-onset substance use was significantly associated with being male, being African American, low SES, residence in a dangerous neighborhood, problematic parenting (lower levels of verbal reasoning and decreased parental involvement in school), maternal depression, parental substance abuse, several child characteristics (low IQ, higher levels of inattention, overactivity, aggressive behavior, delinquent behavior, and thought problems), receiving medication for ADHD, problematic social cognitions (hostile attributions and poor social problem solving), and peer relations (low social preference and decreased prosocial behavior).
Descriptive Statistics and Bivariate Relations
Demographics
The five demographic variables (age, gender, race, SES, and site) were used to predict substance use in a logistic regression model, which is summarized in Table II . The overall model fit was significant, χ 2 (7, N = 295) = 20.53, p < .005, and univariate standardized βs indicated that being male, Odds Ratio (OR) = 2.04, p < .02, and being African American (OR = 2.64, p < .02) increased risk. The set of demographic variables was entered as the first step in all subsequent analyses.
Home and Neighborhood Environment
The first hierarchical logistic regression tested the incremental utility of the two environmental factors in predicting early onset of substance use (see Table III ). The omnibus fit of this model was significant, χ 2 (9, N = 283) = 19.98, p < .02; however, the addition of the environment variables did not make a significant contribu- Note. Because of the varying sample sizes between models, all χ 2 change figures were calculated by estimating the differences between omnibus model χ 2 s using the smallest possible sample size. a 0 = Durham, 1 = Nashville, 2 = Washington, 3 = Pennsylvania; site was analyzed as a categorical variable with three degrees of freedom.
tion to the variance associated with early-onset substance use after the demographic variables had been entered, χ 2 change (2, N = 283) = 0.16, p = ns. Thus, the effects of home and neighborhood environment on early-onset substance use are accounted for entirely by demographic factors.
Parenting Practices and Parent Mental Health History
The second hierarchical logistic regression tested the unique effects of parenting factors on early onset of child substance use (see Table IV ). After adding the standard set of five covariates, six parenting variables were added to the model: parental warmth, physical punishment, verbal reasoning, parental involvement in school, maternal depression and parent substance abuse. The omnibus model fit with all 13 variables was highly significant, χ 2 (13, N = 250) = 52.76, p < .0001, and the addition of this set of variables significantly contributed to the variance associated with early-onset substance use, χ 2 change (6, N = 250) = 24.41, p < .001. Increased verbal reasoning was significantly related to a decreased likelihood of substance use initiation by the sixth grade, Odds Ratio (OR) = 0.09, p < .01. Parental abuse of substances when children were in kindergarten was strongly associated with an increased likelihood of child substance use by the sixth grade (OR = 2.49, p < .02). In contrast, the unique relations between parental involvement in the kindergarten classroom and early initiation of substance use as well as maternal depression and early initiation of substance use were only marginally significant (OR = 0.54, p < .06; OR = 1.03, p < .08, respectively). These findings suggest that children with involved parents may be less likely to engage in early onset substance use and those of depressed mothers may be more likely to engage in early-onset substance use, but replication studies with larger sample sizes are needed in order to determine the reliability of these effects. The other two parenting variables, parental warmth and physical punishment, were not significantly related to early onset of substance use after controlling for the other factors.
Child Psychological and Behavioral Functioning
The third hierarchical logistic regression tested the unique effects of child psychological and behavioral factors on early onset of child substance use (see Table V ). After the five covariates were added, four variables were included in the model: child IQ, inattention, overactivity, and history of medication for ADHD. The omnibus model fit was significant, χ 2 (11, N = 248) = 40.43, p < .0001, and the addition of these variables significantly contributed to the variance associated with early initiation of substance use, χ 2 change (4, N = 247) = 11.86, p < .025. Analyses indicated that children who were higher on measures of overactivity in kindergarten were more likely to have initiated substance use by the sixth grade (OR = 1.16, p < .03). The other three child characteristic variables, IQ, inattention, and medication history did not add significantly to the prediction of early initiation of substance use.
At the third step, three externalizing variables were added to the model: oppositional behavior, aggressive behavior, and delinquent behavior. The addition of this set of variables was not significant. At the fourth step, four internalizing variables were added to the model: somatic complaints, thought problems, withdrawal, and anxiety/ depression. The omnibus model fit was significant, χ 2 (18, N = 247) = 50.27, p < .0001, and the increment of these variables was marginally significant, χ 2 change (4, N = 247) = 9.04, p < .10. There was a marginally significant effect of thought problems on early-onset substance use such that children identified in kindergarten as having more thought problems may have a greater likelihood of initiating substance use by the sixth grade (OR = 1.36, p < .07). Interestingly, the unique relation between kindergarten anxiety/depression and initiation of substance use was significant and negative (OR = 0.84, p < .03), indicating that children with higher levels of anxiety/ depression in kindergarten were at decreased risk of using substances by the sixth grade. The other two internalizing variables, somatic complaints and withdrawal, were not significantly associated with initiation of substance use. The model was reestimated with the reverse order of entry and no significant differences emerged. 
Child Social Functioning
The fourth hierarchical logistic regression tested the effects of children's social skills and adjustment on early initiation of substance use (see Table VI ). After the five co- variates were added, three social cognitive variables were added to the model: emotion recognition, hostile attributions, and social problem solving. The omnibus model fit was significant, χ 2 (10, N = 291) = 27.23, p < .002, and the addition of these variables significantly contributed to the variance associated with early initiation of substance use, χ 2 change (3, N = 252) = 7.97, p < .05. Analyses indicated that children who had greater social problem solving skills in kindergarten were less likely to have used substances by the sixth grade (OR = 0.22, p < .04). The other two social cognitive variables, emotion recognition and hostile attributions, were not uniquely related to initiation of substance use. In the final step, two sociometric measures were added to the model: social preference score and prosocial nominations. The addition of this set of variables was not significant. The model was reestimated with the reverse order of entry and no significant differences emerged.
Comprehensive Model
The final hierarchical logistic regression included the set of five covariates as the first step and the seven predictors achieving a p-value of .07 or less in the previous analyses (parental involvement in school, parental substance abuse, parental verbal reasoning, overactivity, thought problems, anxiety/depression, and social problem solving) as the second step (see Table VII ). Although the identification of these predictors is data-driven, this provides a rigorous test of the unique relations among each predictor while controlling for all other predictors. The omnibus model fit was significant, χ 2 (14, N = 249) = 67.06, p < .0001. A significant proportion of the variance associated with early initiation of substance use was explained by the increment of the second set of variables, χ 2 change (7, N = 249) = 38.06, p < .0001. Unique increments in the prediction came from higher levels of overactivity (OR = 1.14, p < .02), more thought problems (1.53, p < .01), parental substance abuse (OR = 2.82, p < .01), lower levels of parental verbal reasoning (OR = 0.11, p < .02), and greater social problem-solving skills deficits (OR = 0.18, p < .04). The unique relation between parental involvement in the kindergarten classroom and initiation of substance use was negative and marginally significant (OR = 0.56, p < .09). Anxiety/ depression did not add significantly to the prediction of substance use.
Incremental Risk Model
The regression analyses described above suggest that certain risk factors provide unique information in predicting early-onset substance use. Another way of depicting this phenomenon is to evaluate the relation between the number of risk factors that a child has and the likelihood of substance use. Each child was coded as having (or not having) each of the following five risk factors: (1) a substance-abusing parent; (2) a parent who failed to utilize verbal reasoning, defined as a score less than one standard deviation below the sample mean; (3) overactivity, defined as a score greater than one standard deviation above the sample mean; (4) thought problems, defined as a score greater than one standard deviation above the sample mean; and (5) social problem solving skills deficits, defined as a score less than one standard deviation below the sample mean. Figure 1 depicts the relation that was found between the number of risk factors and the likelihood of substance use. Specifically, children displaying Fig. 1 . Early-onset substance use by number of risk factors. N = 254; risk factors include overactivity, thought problems, social problem-solving skills deficits, parental substance abuse, and lack of parental verbal reasoning. No children in the sample had more than 3 risk factors.
two or more risk factors had at least a 50% chance of early-onset substance use and were approximately five times more likely to show early-onset substance use than were children with no risk factors, χ 2 (N = 254) = 38.08, p < .0001.
Alternative Externalizing Model
Although certain variables were identified as predictors of early-onset substance use, it is possible that these variables actually predict early-onset conduct problems in general as opposed to substance use in particular. In order to test this possibility, the final comprehensive model was reestimated while controlling for the presence of concurrent externalizing symptoms in the sixth grade, measured by the NIMH Diagnostic Interview Schedule for Children (DISC; Costello, Edelbrock, & Costello, 1985) , a structured clinical interview designed to assess DSM-IV psychiatric disorders and symptoms in children and adolescents aged 6-17 years. Children were administered the DISC in Grade 6 (Year 7), and a total externalizing symptom count was generated which includes most of the major externalizing behavior diagnoses contained in the DSM-IV (e.g., Oppositional Defiant Disorder, Conduct Disorder, ADHD, etc.). Even with the inclusion of the total DISC externalizing symptom count in the final model (OR = 1.16, p < .002), almost all of the same predictors (i.e., parental substance abuse, parental verbal reasoning, overactivity, and social problem solving skills) remained significant in the prediction of early-onset substance use, χ 2 change (6, N = 249) = 44.28, p < .0001, with the exception of thought problems, which was marginally significant (OR = 1.29, p < .08). These findings indicate that this set of variables has predictive utility specific to early-onset substance use above and beyond the effects of concurrent externalizing symptoms in the sixth grade.
DISCUSSION
This study offers a unique perspective on the etiology of early-onset substance use through several means including its longitudinal design, its wide range of predictor variables, the use of multiple informants, and the diversity of the sample with respect to gender, ethnicity, and geographic location. The results indicate that it is possible to predict which children are at greatest risk of early-onset substance use as early as age six. Based on theories of adolescent substance use (Brook, Brook, Gordon, Whiteman, & Cohen, 1990; Hawkins & Weiss, 1985; Simons et al., 1988) , it was hypothesized that the most significant predictors of early-onset substance use would be parenting and child functioning factors as opposed to more distal factors such as the neighborhood environment or social status. The results provide support for this hypothesis and extend existing theory by providing information about the causes of children's initial involvement with substances prior to adolescence. It is important to note that this is one of the first studies to examine factors associated with early substance use experimentation; however, this study does not provide information concerning children at risk for early substance abuse. Although there is evidence that early initiation of substances predicts early substance abuse (Jackson et al., 1997; Kandel, 1982) , future studies will need to address whether the factors involved in the early onset of substance use are the same as those involved with early substance abuse.
Demographic Factors
Consistent with previous studies (e.g., Costello et al., 1999; Jackson et al., 1997) , the results of this study indicate that boys are at greater risk for early substance use than are girls. It is noteworthy that previous research indicates that African Americans are at decreased risk for adolescent substance use compared with Caucasians (Bachman et al., 1991; Kilpatrick et al., 2000) , whereas this study found that African American children are at increased risk for early-onset substance use. It may be that African American children are likely to begin experimentation with substances at an earlier age than children of other ethnic groups, but may be less likely to engage in substance use later in adolescence. Replication studies as well as research that follows this same sample of children into adolescence are needed to understand these differences more clearly.
Parenting Practices and Parent Mental Health History
The multistage social learning model asserts that adolescents are more likely to initiate substance use if parents display patterns of substance use (Simons et al., 1988) . Consistent with this theory, as well as previous empirical research (Beman, 1995; Costello et al., 1999; Dobkin, Tremblay, & Sacchitelle, 1997; Kilpatrick et al., 2000) , parental substance abuse was the single strongest predictor of early initiation of child substance use in this sample.
It is not clear whether this relation is due to parental modeling of substance abusing behaviors, ineffective parenting techniques such as reduced parental monitoring in substance abusing parents, genetic transmission of risk, or some combination of these factors (Patterson & Bank, 1989) . However, consistent with the findings of Costello et al. (1999) , maternal depression is not significantly related to early onset of child substance use when controlling for parent substance abuse. This seems to indicate that it may be the direct modeling of parental substance abuse, as opposed to parental unavailability, that plays the most influential role in children's acquisition of substance using behavior. Future research is needed to clarify the respective roles of these different forms of parental psychopathology in the initiation of child substance use.
Besides modeling of parent's behaviors, the multistage social learning model indicates that another major predictor of adolescents' initial experimentation with substances is a lack of parental supervision and discipline (Simons et al., 1988) . The results of this study indicate that children who have parents that engage in more frequent verbal reasoning strategies are less likely to initiate the use of substances. Research has shown that adolescents will be more likely to engage in substance use when parents fail to effectively monitor, reward, and punish the behavior of their children (Baumrind, 1985; Patterson, 1982) and when parents do not provide clear rules in the home (Kaplan, Johnson, & Bailey, 1986) . It is likely that greater use of verbal reasoning is associated with increased parental monitoring of the child as well as more frequent provisions of verbal rewards or punishments.
Surprisingly, physical discipline strategies and parental warmth during kindergarten are not predictive of early-onset substance use, whereas studies of adolescent substance use have found that these factors are predictive of adolescent-onset substance use (Andrews, Hops, Ary, Tildesley, & Harris, 1993; Barnes & Windle, 1987; Dishion, Patterson, Stoolmiller, & Skinner, 1991) . The lack of significant findings could be due to the measures that were used to assess these constructs. Parental warmth was derived from a parent self-report measure of parentchild interactions, which may be associated with reporting biases. The use of physical discipline strategies was assessed by the interviewer during an 18-min parent-child interaction task, which may not provide interviewers with enough information to make a reliable assessment of the parent's typical behavior toward the child. Additionally, it is likely that parents who are being observed may intentionally avoid using physical discipline practices in front of the interviewer. Future studies are needed in order to clarify the predictive utility of various parenting practices.
Child Psychological and Behavioral Functioning
In addition to parenting factors, children's psychological and behavioral functioning appear to be important in predicting early-onset substance use. Children who have higher levels of overactivity in kindergarten are more likely to begin using substances at an early age. This finding is consistent with research that has identified temperamental traits such as impulsivity and novelty-seeking behavior to be consistent predictors of early-onset substance use (Masse & Tremblay, 1997) as well as adolescent-onset substance use (Newcomb & Earlywine, 1996; Windle & Windle, 1993) . Interestingly, neither inattention nor medication for ADHD are predictive of early-onset substance use once overactivity is taken into account. A recent study by Molina, Smith, and Pelham (1999) also found that dimensionally scored impulsivity-hyperactivity symptoms, but not symptoms of inattention, accounted for substance use in adolescents.
Previous studies of adolescents have noted a positive relation between problem behaviors and adolescent substance use (e.g., Brooke, Whiteman, & Finch, 1992; Loeber, Stouthamer-Loeber, & White, 1999; White, Brick, & Hansell, 1993) ; however, the current study found a nonsignificant association between these behaviors and earlyonset substance use once overactivity was taken into account. It may be that it is not problem behaviors in and of themselves that cause adolescents to initiate substance use, but their resulting association with deviant peers that leads them to begin experimentation with substances (Simons et al., 1988) . Because the multistage social learning model also asserts that adolescents will gravitate toward substance using peers if they themselves have used substances in the past, further research is needed to understand the temporal relation between deviant peer affiliation and substance use.
Children who display more thought problems in kindergarten are also at greater risk of early-onset substance use; however, this finding should be interpreted with caution. The mean for the thought problems scale is only 1.22 for the substance using group, which indicates that the average score for this group is barely higher than "somewhat true" on any one item. In addition, the thought problems scale appears to be highly correlated with externalizing symptoms such as overactivity, aggression, and delinquent behavior. Therefore, it is difficult to know exactly what the thought problems scale is measuring. Despite these caveats, it may be that children who are rated higher on thought problems are more likely to associate with deviant peers, given their own deviant thought processes, which is likely to lead to early experimentation with substances. However, more research is needed to understand the mediating mechanism in the relation between thought problems and early-onset substance use.
The multistage social learning model asserts that adolescents will escalate in their substance use when they are emotionally distressed in an effort to relieve their anxiety or depressive symptoms (Simons et al., 1988) . Although the relation between anxiety/depression and initiation of substance use in this study is nonsignificant in the final, comprehensive model, anxiety/depression is significantly and negatively related to early-onset substance use in the third model. This is consistent with recent research that found certain forms of internalizing symptoms to be inversely related to initiation of alcohol use (Kaplow et al., 2001 ) and initiation of cigarette use (Costello et al., 1999) . It may be that children who experience internalizing symptoms in the absence of externalizing symptoms are more behaviorally inhibited and tend to avoid novel stimuli/situations such as experimentation with substances. It remains to be seen whether these children will eventually turn to substances as a means of coping with their emotional distress later in their development. Future studies are needed to better understand the effects of different forms of internalizing problems on substance use over time.
Child Social Functioning
The multistage social learning model proposes that greater social skills may prevent children from initiating substance use at an early age by providing more adaptive strategies for dealing with social distress or problematic situations with peers (Simons et al., 1988) . This study found that greater social problem solving skills in kindergarten are related to a decreased risk of early-onset substance use. This is consistent with research that has found social impairment in childhood to be a critical predictor for later substance use disorders (Greene et al., 1999) .
In contrast to social problem solving skills, sociometric ratings such as peer nominations for social acceptance or engaging in prosocial behavior in the first grade are not significantly associated with early-onset substance use. Because children are not usually exposed to substances in a social context prior to adolescence (Oetting & Beauvais, 1987) , peer status may not play a role in the initiation of substance use until later in development. On the other hand, it is possible that peer status measured closer to the time of substance use initiation (i.e., in the 4th grade) may indeed predict early-onset of substance use. Children who are lacking in prosocial behavior are likely to be rejected by their peers and will tend to gravitate toward other rejected children (Dodge, 1983) , who in turn, promote substance abuse and involvement in antisocial activities (Elliot, Ageton, & Huizinga, 1985; Keenan, Loeber, Zhang, Stouthamer-Loeber, & Van Kammen, 1995) . Sufficient evidence has accumulated over the years indicating that, at some point during development, the affiliation with deviant peers becomes strongly associated with substance-using behaviors (e.g., Clark, Parker, & Lynch, 1999; Jessor, Chase, & Donovan, 1980; Kandel, 1978; Kaplan, Martin, & Robbins, 1984; Oetting & Beauvais, 1987) . However, future research is needed in order to determine the age, or developmental period, at which children's peer group status begins to play a more influential role in the initiation of substance use.
Limitations and Future Directions
Several limitations of this study must be noted. First, this study relied upon child self-report measures of alcohol and drug use by the sixth grade, which may be associated with underreporting. At the same time, the measure assessing alcohol use does not discriminate between alcohol use without parental permission versus alcohol use under parental supervision (e.g., religious ceremonies). Future studies that are able to differentiate unsanctioned alcohol use and alcohol use under parental permission are needed. In addition, the 24% attrition rate may have biased our sample, although attrition analyses revealed no evidence of bias with respect to the available data.
This study focused only upon initiation of early-onset substance use. Future research that examines the etiology of other stages of early substance use such as regular use, escalations in use, and substance abuse is needed. In addition, the potential moderating effects of certain demographic characteristics such as gender and race, as well as potential mediating mechanisms should be examined in future studies.
Conclusions and Implications
The results of this study expand upon existing theory and empirical work by examining predictors of substance use initiation in preadolescent children. The results of this study suggest a typology of substance users in childhood that differentiates preadolescent substance users from adolescent-onset substance users. The former group may be characterized by a form of psychopathology related to parenting behaviors (e.g., substance abuse and disciplinary practices) and child temperament, and the latter group may be more socially influenced by neighborhood and peer culture. A similar typology has proven useful in conduct disorder research (Conduct Problems Prevention Research Group, 1992; Moffitt, 1993; Patterson & Bank, 1989) .
These findings have important implications for the prevention of early-onset substance use. A screening device that includes measures of parental substance abuse, parental verbal reasoning, child overactivity, thought problems and social problem solving skills during kindergarten can identify a group of children who have at least a 50% chance of initiating substance use before age 12. Given that early-onset substance use is likely to grow into costly outcomes during adolescence, this high sensitivity means that intensive prevention efforts can be focused on this highrisk group in a way that could prove more cost-beneficial than universal interventions that are less focused. Furthermore, examination of the nature of the risk factors provides clues about the potential targets of preventive interventions at different stages of development.
Intervention programs are likely to be most effective if they target a high-risk group, are developmentally sensitive, and are comprehensive (Williams, Perry, Farbakhsh, & Veblen-Mortenson, 1999) . The multistage social learning model asserts that early initiation of substance use is likely when a child's parents model regular substance use and when parents utilize ineffective parenting techniques (Simons et al., 1988) . Additionally, children tend to emulate parents' methods of social and emotional coping, and if parents use substances as a coping strategy, children are likely to do so as well (Simons et al., 1988) . This model is consistent with our findings regarding the important influence of parent substance abuse, parental verbal reasoning, and children's social problem solving skills. Consequently, programs aimed at reducing earlyonset substance use in particular may be most beneficial if parenting behaviors as well as children's social coping strategies are included as major targets of intervention.
The identification of age-specific predictors of substance use is critical for informing preventive intervention efforts at different developmental stages. Follow-up studies involving the current sample will greatly help with this endeavor by assessing children beyond the sixth grade, further differentiating predictors of early versus later onset of substance use, and determining the conditions under which these effects hold.
